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THIS COURSE IS INTENDED FOR 
Electrical engineers who have graduated some time ago and feel the need to 
refresh and update their knowledge on transistor circuits. 
Electrical engineers who have graduated recently but feel the need to have 
a quick review and then go much more in depth and coverage than normally 
encountered in undergraduate study of transistor circuits. 
Other engineers and scientists who like to acquire the necessary knowledge 
on transistor circuits in a very short time. 

THE GOALS OF THE COURSE ARE 
Starting with the fundamentals, present a thorough and extensive under- 
standing of the low-frequency behavior of the bipolar transistor. 
Present and discuss in detail commonly used discrete and integrated analog 
circuits. 
Provide design oriented practical information that can be used readily. 
Provide the necessary tools, skilis, and confidence for analyzing as well 
as designing analog transistor circuits. 

HOW THE GOALS ARE ACHIEVED 
By solving one practical circuit problem after another. 
By demonstrating the actual performance characteristics of some of the 
widely used circuits that are discussed. 
By putting together circuits that are commonly used as building blocks to 
design more complex circuits. 


SUGGESTED STUDY FORMAT 


1, View the videotape. 


2. Then try to reproduce all derivations on your own. Since the lectures are 


entirely on analysis and discussion of practical and useful circuits, being 


able to derive all the results by oneself demonstrates intimate knowledge 


and understanding of the circuits involved. 
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PREFACE 
The course deals with bipolar transistor analog circuits that are essential 
in the design of a large variety of amplifiers. The entire series consists 
of 19 videotapes, averaging about 43 minutes in length, devoted to a 
thorough understanding of widely used amplifier circuits. For convenience, 
the series is divided into four modules. 
Module A: Bipolar Transistor Fundamentals and Basic Amplifier Circuits. 
The characteristics of diodes and bipolar transistors are presented and 
discussed. Then the small-signal equivalent circuits are derived. Large 
and small-signal characteristics of common-emitter, common-base, common- 
collector, and composite transistor amplifiers are derived and discussed, 
(Seven lectures with five demonstrations.) 
Module B: Current Sources and Applications. 
Widely used dc current sources are presented and discussed in detail. 
(Four lectures with one demonstration.) 
Module C: The Differental Amplifier. 
The differential amplifier is discussed in detail. (Four lectures with 
three demonstrations.) 


Module D: Class A, B, and AB Output Sta es and A741 erational Amplif- 


ier. 


Class A, class B, and class AB output stages are discussed in detail. 
Finally, the versatility of the circuits discussed in various modules is 
demonstrated by showing how they are put together in the design of the 


ywA741 operational amplifier. (Four lectures with two demonstrations.) 
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2. 


PREREQUISITES 
Working knowledge of circuit theory. Knowledge of Laplace transformation 
is not necessary. 
Understanding of basic transistor circuits. Determined individuals can 
acquire this knowledge while taking this videotaped course since it covers 
the basics as well as more advanced material. 

REFERENCES 

Analysis and Design of Analog Integrated Circuits, P.R. Gray and R.G. 
Meyer, Wiley 1977. This is a basic reference and can be used as textbook 
to supplement the videotaped lectures. 
Basic Integrated Circuit Engineering, D.J. Hamilton and W.G. Howard, McGraw 
Hill, 1975. 
Introduction to Integrated Circuits, V.H. Grinich and H.G. Jackson, McGraw 


Hili, 1975. 


4. Applied Electronics, J.F. Pierce and T.J. Paulus, Bell and Howell, 1972. 
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1. 


Characteristics of diodes and transistors. 


The pn junction diode equation is presented and discussed. The input and 
output characteristics of the bipolar transistor are derived from the 
Ebers-Moll model. Circuit models are obtained with Vis or I as a depen- 
dent parameter. Departures from the Ebers-Moll model are discussed. 

Demonstration: The output voltage of a discrete transistor is compared 


with an integrated circuit. 


The small-signal equivalent circuit of transistors. 


Using the forward-active-region large-signal characteristics of the 
transistor, the small-signal input- and output- equivalent circuits are 
obtained. rie Bae B, and ry are defined graphically as well as mathemati- 
cally. 


The common-emitter amplifier. 


The large-signal characteristics of the common-emitter amplifier with 
resistive load are presented. The small-signal characteristics are 
derived, and the expression of gain as a function of tid-opeeating point is 
obtained and plotted. The common-emitter amplifier with current-source 
load is discussed. 

Demonstration: The transfer characteristics of common-emitter amplifiers 


with resistive and current-source loads are compared. 


4. 


The common-base and the common-emitter amplifier. 


Genera] analysis of transistor circuits. The large-signal characteristics 


of the common-base and common-emitter amplifers are derived. The operating 
point of a transistor circuit having a resistance and a voltage source con~ 
nected in series with each terminal lead and ground is obtained. The 
small-signal equivalent circuits facing each source are derived. 
Demonstration: Distortions caused by voltage and current excitations are 
compared for small and not so small sinusoidal output-signal amplitudes. 
Input and output-eqnivalent circuits. Input- and output-equivalent cir 
cnits for the common-emitter, common-base, and common-collector amplifiers 
are. obtained with and without the to of the transistor. 

CC-CC, CC-CE, and CE-CB amplifiers. Equivalent circuits of composite cc-CC, 
CC-CE, and CE-CB transistors are obtained. The large- and small-signal 
characteristics of the cascode amplifier are derived. 


Demonstration: The collector characteristics of the transistor are com 


pared with the cascode-connected transistor. 

Biasing. The power-supply sensitivities of base-current and base-voltage 
controlled-bias circuits are compared. Fixed collector-current bias cir 
cuits using one and two power supplies are given. The need for using dc 
current sources for biasing is shown. 


Demonstration: Power supply sensitivities of fixed base-current and fixed 


base-voltage bias circuits are compared. 
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8. 


10. 


11. 
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LECIURE SUMMARIES 
De current sources. The ideal and actual de current source characteris— 
tics are presented. Methods are given for measuring the output charac— 
teristic curve. Equivalent circuits of current sources using a single 
transistor with one or two power supplies are derived. The basic 
integrated circuit used for current source generation is introduced and 


discussed. 


De current sources. Current sources based on a common reference are 


given. Causes for mismatches in current sources are discussed. The Widlar 
current source is introduced and its reduced dependence on power supply 
voltages is shown. 

Widlar and cascode current sources. The output equivalent circuits of the 
Widlar and cascode current sources are derived. Different value current 
source circuits based on a common reference are given. A stabilized bias 
circuit for an amplifier is discussed. 

Demonstration: The characteristics of a simple, a Widlar, and a cascode 
current source are compared. 

The common-emitter amplifier with resistive and active loads. The large- 
and small-signal characteristics of the common-emitter amplifier are dis- 
cussed graphically and analytically for three kinds of loads: resistive, 
ideal current source, and actual current source. The expression showing 


the dependence of the gain on the output operating point is derived. 


ese 


MODULE C 
—_—_== 


LECTURE SUMMARIES 


12 —> 5 


2. The differental amplfier. The large- and small-signal characteristics of 


13. 


14, 


15. 


the differential amplifier are derived. Input- and output-equivalent cir- 
cuits are given. 


Demonstration The transfer characteristics and the variations of the 


base-to-emitter voltages of the differential amplifier are displayed. 

The differential amplifier. (Cont'd). -The input is decomposed into the 
common—and Si¢fetenceSnoae components, and the corresponding half circuits 
are obtained. The expressions for the common-— and difference-mode_ gains 
are derived. The. common~mode-rejection ratio is defined and a method for 
improving it is given. tinatohes in resistor and sataeaticd current 
values are shoes £0 result in the offset voltage. 


The differential amplifier.(Cont'd). Offset current is defined and calcu- 


lated, A “method for moss urine offset voltage and current is given. The 


input resistance sud the gain of ‘two differential aEpi ition. are compared, . 


A differential. “amplifier with an active load is presented and: the effect 


of mismatches in“ Saturation currents on the output voltage is calculated. 


Demonstration: A method for measuring ratios of saturation. currents is 


“given, 


The differential amplifier. (Cont'd). The common-— and difference—mode 


gains of the differential amplifier with active load are peteutsteds _ The 


’ expression for the offset voltage is obtained, A current difference 


amplifier using a single power supply is presented and discussed... 


Demonstration: The transfer characteristics of the differential amplifier 


with active load is displayed, The effect of mismatches in saturation 


currents is demonstrated. 


17. 


18. 


MODULE D 


LECIURE SUMMARIES 
The class—A uuiteoe/Portewse output stage. The transfer characteristic of 


the class-A emitter follower’ output stage is derived and plotted. The 


small-signal gain is calculated and is shown to be practically constant 
regardless of the value of the collector current. Expressions for instan- 
taneous and average output power and power conversion effciency are 


obtained. 


Demonstration: “The transfer characteristic and input and output waveforms 


of the class-A output stage are demonstrated. 

The class—A and class-B output stages. Instantaneous and average power 
dissipation expressions for the class~A output stage are obtained and 
plotted. The points for maximum collector power and standby collector 
power dissipation are shown on the load line. The transfer curve of the 
class-B eaittes follower output stage . showing crossover distortion is 
presented. Various waveforms needed for power gdicuiet ions are given, and 
the power conversion efficiency is obtained. 

The class—AB output stage. . The transfer characteristic of the class-AB 
output stage is derived as a function of duc paweceosbace voltage, and it 
is plotted to show how crossover distortion can be eliminated. Means for 
generating the base-to-base voltage are presented and discussed. 
Demonstration: The transfer characteristics and waveforms associated with 


the class-AB amplifier are demonstrated. 


Be 


19. 


The wA741 operational] amplifier. The »A741 operational amplfier is used 


as an example to show how the various circuits presented and discussed in 
previous lectures are put together to design an integrated circuit opera- 
tional amplifier. With the two inputs grounded and the output at zero, 
all quiescent currents are calculated. Then, the amplifier is parti- 
tioned into the input differential stage, the intermediate gain stage, 
and the output stage. The small-signal input- and output- equivalent 
circuits are calculated for each stage and then put together to determine 


the overall gain. Feedback is used to stabilize the gain. 
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b) (mn Awe “4 changes du Ty and Veo 
In He forward astine rege Te= BL, (1+ Ye) = Ty+ 4 aerosol fet 
: _ . Pie. 
T=B (Tot 44) (I+ ee eg) + tate ae i 


resets tae (Rap mie) » Aik» Belo 


th 


he 
Comparing, Hao a omd b remlts we ae that T= Tet Quidje + tee = Ty We 484, | 
a Cy 
Houee P+v= On Moe frum Ov rom b 


j 
Sane Vie= Ay ur ) B = Jur 


Ye 


Res Va | Va lg Ao sions of output characterise eure 
gare ORG or Oe ial es 


Whattr to? (allrunotie olefinihin) 
eh+ 


wore etd +R4 4, 


Sf Uses 0, 


= ~~ <7 


par (I+ = p=, if e=0- 


Homes tort Me peal Baill Ae and to cut | 
p class met” cleponcl on operating. ee b aloes Beeamre constant Tp Lines are nat porallll. 
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3 Cot Motel 


Ve + Vee a 
de modal : Ig= se (1+ 46) tr, Ne Ov Yea he + Me Orel Br Me 


Small atonal model: Ay= Gm bet ee Pay + vee qu Ube Omak 
- o Or o “ee 


TRe complete. model 
de amocel | all seal wadel 


a 8 ate 


Ab - 


Commotion to be stad for PUP framsistor 


> te Coe 
ee . | xy eb )+ 
= Vee ov of te 
eb ds > te 


13: The Common-Emitler Am Lin, with Reaobwe Load 


C umpbified Qnolyars CAqnoning Early si al 


Veo 
TeysR 
Vo 
\ Q 
Voc Me RE , 
L=-1 oe 
7 How much AV: Pes se ae ees 

Voz Vics R.T.e* Vest < VZV, the output from a to O.01Vee? 


0,01. = Vie R ke Ver 


fouon nsplocad by ete, Frcopondot ob Vic cud RectAobrs 120ml: 
What is He amall-aip a gous? [A 


Fuad We alope of the Vo vs Vi eure. 


Small —aieynol que AV carn Ay Z Rene! ap MeN 
ie 


-=V6n9 
| Thy 2qaLozvon W Med valid es baal ‘) »99 Veo = V, (J ied p.T.et l AV,=V,-n q 
v4; 


Ve + AVe =13 V 
Small ewurenta Kecome. (e ee =}20m 


O.Llermodire Dovinolio of Aumolt sant a vol qa 
Ure the amablaignal anodal : Arla Occurs when 


i vga uiteR Ty= Te yay Which occurs 


SP Ang FREER] wate becin a 


aS 


AV, to drive \ from 
O99Vee to OO : 


044 Voc +¥%e 
AV; = vl (a) 
Veesat Fou Vicel5V ) y= lanV 


AV. = [2.3 mV 


Vsoo 
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Samall-siqnal Qa a» o function ‘nq. point 
Ve Vee | Ve : 
A= Mo. Me" aay Rime Ree" (I+ =Vee-V,, we obban 
a ee ne 
AV; me a + Bis ol) 


: AN 
A __ Me-No) (Vath) TRo A, vs. Yo cunwe so a parabola with center ak Vz 


: us (Va Net ac fuso Cardy ane if Aanteatat Veh Vy aud Yec'>Va- 
Fong A 


eM 
2. 


ve 


Vee. & Vp (He wsucd cas) Veco, Vr 


gan cwect Vas 60 


Vat Vee. a, MF Vee (_| VAs 
AVr Pa Ga) ele a waa ca 


—VA — Va-Vee Ven VA ~ Va, Vee—Vp Veo Y 
Zz 2 
aca OCOwr ok aod. | Avl max OCKWd ot Voc — Vi 


. 2 
In wither ease LAv| so Loss thom precticted the tongeut drown to the parabola at \y=Ve- 
Thilo tomaeut represents He IAe| vs. Vo euroe “for Vanve» Mew qouir 0 obtainable of VieeVy. 


Abbemakive cloivadion of jain asim the sunall-srmal model 


Ve=- 4,05 toh Aya Met 22h 
aR, U; Jot Re 


To ate. Row Hee gam vote with the 


ae ‘pane ALAR qu= ts aud ae Va + af Te cuncl obhown 


ve 
_ Tae (Var Vec—TaRe) | (Ve-V oe 
% (vie) v oe tick cup rans a previous resulf . 


Example: What is the gain iF Ver -15Vaud \yzl2oV ° Chosae operation pool 
Yo movinmige ho Goud - Olin inal age Optratim . 


| head ena _ (ise) (12046) _ | (is-\, - echyiaot +V,) 
A-* Vee 


0.026 (1a0+!5) } scuyiost) 
Gunee Vee < Vay Morin gous ocans at oat. So, VYo= Vest £O 
Ay =~ Pe =|— 519-8] To achieve Hus qauw., amok TRIS V. 


Nole thot the TR. TaRe product (not te imcinrdual areluns  Rraud Tq) 
dyler wines ercerenran or otherwias - 
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The Common —~Ennuttir Amplifior with Cwnmt-Sewree load 


Ly Ro R, = 


\, On effeekive power upp 
Q | meee of USV 4o obtained 


Veet obs SE Vee IS V ) Ty = loo A, aud 


[Mov ) Vee + Lo Re =HISV. 


Faw enn a rage ont ly 


Ves > Ves aut y 
Vi a(Met+TeR)~ Rote = Veet oom R,r.e * oy) 


To ane Vo from Veo Meesat ¥Vee. to ees 0 


Par cai V, a aeV, arr as AeA ips ==|6-TmV} 


f 
aire, Vi On (Veet &) 
sRo 


ce 


VM - RE Veo 
eee ge (n 
Pouk L eng pte= Bx, 


Va Ve BR ATi (1+ Ye 
0 Ve R AI (He) 


Vee, 
BR 
Fou Vaz Vive T; wwe Lingo 


urtf. oLope — PR - 


€2 


Vy VS "A 


|. R.=0 )ReallS 
Vou Vee 


2. Read, Vez ISV 
Re from IK to SIK 
3. Realk, Vea lSV 
Chomge Re from O fo 10K 
A. Reo 0, Vee lsV 
Currtat-sourer Load 


4. Corn USO cliatortien Comred ewrrent cud avttage ovectatcens 


Cunt cbund Vie | Voltage clrive a 
Re 
Voy va | 
Ty+Tmdinwt Viet Vi om ust 


Assume 1. Verdes Vorde =Yode (acljust Tue aud Vac 10 obtain thia rvsutt) 


2. Voraem = Voracm = Vom (acljuat Ty, and Vy to offaru Yoga aval — 
whin culput Cuupeitude ss aural ) 


ve 


3. Va >> Vec 
: Vae + Vin Sato 
Vor = Veo BRe (Tae+ 1,,surwt) Von =Vie—R.T & “ , 
F Wye Visinuol 
=Ve-BRIn— BRT Sst =\e-RTe7e ‘ Uteat of 
—— Marea 3 Veg Re Tse] Ma scant (siti 


Vde Vac. ; a 
[Enis ne tore ersely it (wall 
| Vode . Vo 
| = [Vode — Vou Souurt — Vows You eutwt 


$2 


; y 
Assumption 1 po Aokistied if Blue = lowe Tu 
Asyuuapton Q ss nods {rod at At x, Dep EU = a = QaoNu licks 
Aumplittrs to Viy= I, ur 
Nole Hat Aratiny+asme | 
Small to-peak QW 
Sum Vp 


Csune » and Vo. outputs ane 
st aes the same 
Astiny 
With Hua obrourians, wn rad , 
we ean mow craw Ado 
Voy (eurrenit-souree drive) aurcl 
Vou. (andtagerource drive) outpule 
ptalrto-peok ourmis 


For te some peal to-pual output auring, fr cumrntrource drive product teas dislorkion - 
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Demoshation: Syohorhon comparison 


Vee. 
129M Silke 
> Voi 
QI 4.1K 

qed Kk 

+ 

a 
Qi bose 14s fed from a noscotouce 


aourer (989K Il tans drive 
provimatts a uunnrdul rovree. 
aaa ya fed from ao Lew norishouce 
noured (10-0. 1220-21 221K); Hurofore duve 


Appuoyiwrales ee vottope NAVAL . 


220.62. 


[0,182 = 


I. With Vix0, adgust Vie onound 
IAV Ao make Vo) =Vor = D5V- 
2. Walle Vi a Amal ame wart, — 
Vo aud Vor outpule ofuw mo 
3. Ob Ve dr wnertuaed rr oomplitade, 
tye Vow output atorks bowing 

molicooble olvatortion. 


For €, = 20) Yo= Vie ReTe® (in Me) = \ee— Re Tse (i Ye) 


Re Common Collec Cunphitir 


= | , 
Je ras Tes Rlet! T, 
fe 
A Ve _ Atle, Tre (1+ Me) 


* For R20, |Vo = bat Rhe (ue Ye-W) 


{ov 04 \~4 Yo-Veesad r0.5V Vee~Voesecr +\ pe sot Vi 


Anobtars ok Residwe Mramrictor Cirenits 

Trowmnistor Oreuifo are analired with two apecifie objectines au mand: 
1. To clue ame Arian valurnr thot wstoblirte te G potnt 
.To tobulele te mmall_nrigqnal geri about tre O pornt 


A Aypieol hamsister etrouit tou The Last slep in the analysts xs to 
hi nepreacaled hop | Suiuplity, Hue gineu, cinenit Ay okaining 
, fo Thevenis (or Norton) 2quriveloit 
 chreutity Lacing Hoo tramristor beloean 
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ground cud 8. collector cvol ground. We 
rorudt 10: 


Ni) Na, axed NA ‘combate muri stors 
ewreut source. Nole that fudboek 


 Aetweon tho bose, colleelr oud eit Lorde 
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Ornad Poimt Col ul aly : Reproront the bromoistor by the tonrge 
Samal mnodil curd use only Hu de componcsa tf the due tology, souwess: 


Note that un the evprossion for Ig 
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Spcopt Vee Hower, we fe oak 
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Thus small umentainily olaes mot 
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culemunualin of Tp Porai 
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Pum te oum of voltages around 


Che unput Loop ottacu 


Vas Ig Re-~ Vee — Ta (I+) Re + Vee =O 


Ty: Vea+Ver—Vae | T= Al, 
- Re + ( +5)Re : 


Thu cum of biasing ta do fey Ty suck 

AX do duct of Bor 
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Throw {Oe saput Loop we obtoi 
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= ( Vi ~U2 
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R X veel Re 
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| by; 
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\ —Vz 
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s 
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ae Re 


Ny Odsumed tote wnfrnile 
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The wtp oe pate: i os Re acts can subrale 
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V4 Liens Re | 
lAvl oy = Arh, pee re ee Hino Ree Mee whl ecure whan Oi at 
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de Re b 
eg £m *a ous tote sli 


fee Sgurce Ui; aees ce Cow 
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om ck 
The vllage gam ins Ay ote. wpe [BR 
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Rp 
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TRe wut rquivolot eineuit io: U;+ unr (HP)Re Anjput restetauee: 
| Yun + (1+) Re 
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I+ 
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The conrdut Fou po to +B 
Ab 


Uno sarpreryoaton to rhtau 


st Re 
° 4] 
’ “om _ par Ret ur 
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Rag = Ue 2 | tol Relief rae ret Rebs 
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ceed a doce cial 44. Qo & 
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Grout pithrone Abe tow 
—> vy [tase 0+ Re pif fe : dreuit. CL wellage propor — 
%,+Re+R, ari Hapa Wee Pe shook 


= as Long as ReZXO. 
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2a) tart HpR| 
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BE 
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ouby akon now bo: Con be 


UAed aS Liftoruce cumplr fier, 


Lite 6. current QbUrIL. 
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aston urhon Ke=0. Seas leis 


2 1 Rede ond Retry Bu) 
Ra+age (I +p) Re Lowen ~* 
Pinto AMOYDDAL JAA output rw - 
Ainkaue rwrsubls if Rp is kopt 


Hho output squivatont etrenct 

Aw. Yor powkienter, for fat = ee 
Rater dé Rey Ta event | r | 

Aum petits Fo : 
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Current AOU Ao QO ene 
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Asume auc oftounr Re 


Ure tro Norton ouivobot tee 
civauit anwem on p37 uth 4 . tow ees Re(La+rn) 
20. ud aerial a i oelebiiae 
ace ali R. (6+ -8* ==) 
Rg+r0t Re 
SE Aho cumot-aouret oveitation) = dz B(I- ; 
ta deal, ie. Pax0d, ing and l + Be 


Peg com be Airmplitienl to Ran, = ng (14 Be 
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Composite Tromusters : CC-CC and CC-CE pairs 
Nee 


Arsume Ho ampul ir -betwecn 
the bor % oud ground - 
C Jf the subpuct io Aolcon betwen 


cain Tis of, the terminal, voller C aud ground, a. CC 
laud2,) ane comune Ned ; | 40 CE compare pair rcautlh. 

Comnested tp Veo and 2 YD | 4f Yee output jo daken Lote 
Leas” The remouining Hoe euuittic E aud ground ) 0. CC~ 
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Probe : Dolormme te smoll-aiqnal equivalort cine of the compoule par - 


CO tompnte paw 
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Pant of Hx ecreuit wo 


Comatquudeys tha Toten equivatect edrewit 
Sai crt TL cinemitt avith ror Loft ovr. 
x i Pb % t oes 
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Tho Thorens touivaluut 
cremt to te Abt uf tho . 
OW) 40 abe pee Mo uri +45, tm 
a Rut (i+ Ab = Lye’ 
= ur Wor 1) I 
ee é HM Thea [Uoe= tu [arf em] 
4 — Thc result sugatots that co tar a2 thy B,E,° 
Am oud 29) are Fred 44 derwinals ors concrued, Hu tompaacte bawecstrn 
opmatiny point (quiescent) valuta: cat con Ae raplaerd uth @ aingte browrushre 
a a neprsrouted 
mt Tp mn MP Bo B _,%b “ CC ahhhe 


A= Va+Veer 
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Tay Cn) C ll +) A 
Comparing. rim wth ror, we eee hat 
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“um Z< tol 


ov 


Beoecume rin 12 riloted to rts, 
ry tam fe Simplified furthor - 
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the relationship A,etwern AL 


T. a= te- Lanse +B)Fe —TaiAs 


Ti — Teias 
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anys YE dais AM, = 
Fei Ts 


Any 782 
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= 2m \\ + (+8) mae | 


1 nel 
“r= qr) 1+ | — 1. Laas 
I+p, Le 
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AOUME oud AQ a < Ve 
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Replace the com poste 
Aros tor awith ana 

Ca urvabout orc obtaum 


The Xr Qud of Q nk A yeu Ay 
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uavhiirg bre dan 
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Gourte a; vos The equivetout is Vo 
Rr iltp)ee a ay Re 
E L + 
| 42m +(HAYR 


To prvort QI rom sal. 


Vie >Vpert Vee reat 


To prunonk Q2x fiom cot . 
\> Ve ~Vbert Veersat 
eyo 


Yen 


Vae— Voe2 4+\eersat rae WA Ze Vee 


ev 


tho CE Opler porbon the eben 


LH Venn 
CE Amplifer C2 Ampltur = 


vy 


The ¢ CB — portion of L cere 


4 Zum X 
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“i are fetal} — ote —| ) Raya oe =| 


Nene tiep a Vr] 
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anf Jon'tofh | tolh+ 2 ) 
=U; | als Si oni Ne 
4 = Reg ‘ + Uy-+ No 
We ean rare aaa aan 5 Upon dat 
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eine wt F "(the a ha Appr. —_ Vm: etal =e 
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Sv 
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cascode cineut aria, The eurwe frac. 
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LY 
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Prase-eumront conrolled bras 


Rewer 
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| Vee = ISV 
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Ta Vaei_ 


Vee! 


t= Ts se ie Vee — Vee 


Ray 
Pp a Veet. 
1S-Vaei 3.3 05X10" eu 
ax108 alo 


2 ofve trict aud wvrertor eel - 


Veei= 0-638 Guree Rag clon, fa dillelasiandl 
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SK 


Veer —L 
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Ax 10° tO 
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) 
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Thou xo wera Lite howge om fee heerlen 
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¥ 
I5493x10_ -vosy “ee 
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iF Qholyiuat Vee ree Is V wut Vo, = Vor = TSV. 
a. Change: Vee ahighthy (about 0.5°V) lo clhuive Vor to aatiwrolt en 
while \y, changes only atightty, 
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tavee the output operating potwt 
io fixed. Sf Ho wnput atonal (not 
olsun) Las no de cemponent, at com 
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r Vec - Vee 
se (lB) Ret Re 
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eS 
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